PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATIC 
International Bureau 




(51) Internationiil Patent Classification 5 ; 




(11) International Publication Number: 


WO 94/15386 


HOIS 3/094, 3/085 


Al 


(43) International Publication Date: 


7 July 1994 (07.07.94) 



(21) International Application Number: PCT/US93/1 1250 

(22) International Filing Date: 19 November 1993 (19.11.93) 



(30) Priority Data: 
()T7995.672 



22 Deariiber 1992 (22.12,92) US 



(71) Applicant: MICi^COR, INC. [US/US]; 43 Nagog Park, 
Acton. MA 01720 (US), 

(72) Inventor: MGORADIUM, Aram; 44 (Stayson Road, Winches- 
ter, MA busk) (US). 

(74) Agents: RJEYNC)lJpS, Leo, Ri et al.; Hkmiiton^ Bn^jc, 

Reynolds, two Iviiiitia Drive, Lexington, MA 02173 (US). 



(81) Designated States: CA, JP. KR, European patent {AT^E, CH, 
^ ^ DK, ES, FR, GB, GR, IE, IT, LU, MC. NL, PT. SE). 



Published. 

With iriierhatiohal search report, 

Be^ the expirqtm of the time liniii for amending the 
clairns qM to be repubiished in the eveni of the receipt of 
amendments. 



(54) 



title: MULTI-ELENiENt (Mtj>li^ CAVXTY LASER SYSTEM 




14^ 




(57) Abstract 



A series of quanmmVgeU 1^ 
Selected chips are optic^J^J^^S^ 




b li^ijto^ by a U^sJc^Smielimiii^ element The timing egppeM)P«^^^« llS 
freduericv is c<ipied. fefctb^the facet causing the chip to generat^single frequency TEMoo radiation 



frequency is coupled 



BEST AVAILABLE COPY 



Codes used |p idepdj^ 
:%ppli cations under the PGT^ 



•BE:": 

-BY 

cf; 

CG 
CH 
CI 
CM 

■. cs' 

DE 

DK 

ES 

F? 

FR 

GA 



FOK irfffi PURPOSES OF irimRMATION oMtf % 

^States party to the PCT 6n tbe front pages of pampWets publishing international 




Ceotril AMc9Si Repubyc^, 

Congo 

Switzerland 

Cfite 4'IvDire 

.pimeToqQ ....... 

.dhiM|>v.-.-.. 
CiSttioelovaldi'' 
Czech Repubilic 
GcnnAny 

fruace 
GtbOD 



GB^. United ICingdom 
GE 1 Gtof^ 

'GN-^vi- • ■' Guine*, 
GR CKecc e ^^ . : ■■ ; ; 
HI) Hung«S y v, 
IE IreUod : ^ r 

. JP :• • JApija-'-.'; -- ■ • - ^ 

K£ ■ KcdyA ■• ^ 

KP Dcmoflrtac People' i i^ 

ofKorw 
KR Republic of Koru 

14 LiectjteQstdD 

■ LK- . ■ ■ ■Sri Uim. ?- 
LU= Lwctnbourg * • ' 
LV litvu 
MC Mofajfio 
MD RepubUc of Moldova 
MQ M«d«8asctr 
ML MaU 
MN ModgbUA 



NE Nigcr^ 

NL Ntftberiands 

NO Noway 

NZ NewZealJiid 

PL PdUnd 

PT Poim^ 

RU R^ij^ Fedeciitioo 

Sp - Svul&o . 

SE Swedea 

si Slovenia 

sk SlovaW* 
SN ... Senegal. 

TO • ai4d^';;s ; ■' ^ • 

TO'' ' Togc>'^ ^ 

TJ -TajUdstaa. 

Tt^ TttnidadvandTolbagp, 

UA Ukraine 

US United States of America 

UZ UzMdstan 
Viet Nam 



wo 94/15386 # 9 PCT/US93/il250 



*^^'^"'- . 'M^MtY :lLA^Eft-;^Ms^EM -^'-^ 

5 and, more 

^^j>l|;i|p^ Ii6' -^s^^ in aii 

external" cavilly'V . " 

. A'" l^^lf is' a ^ device' wlii:i§K' heis ttik SfeilltJy'' to produce. 
" w^h<^^ i!i%iil'^^r^ ^Ixiaiilated 

afe^pi^^^^ from 
' s^'i^iilu^i^^^ of 
0nii3rgyv such, a device an bptieiir'S-^^i 

ril^aill^ iSfh^fek'l^^ surfaces 
15 wKich'' f cilos.^^f rpiaM'^^^i^^ lli^ active 

ga'iCn' m&d^ cont^ optlc^l'^'c^ivity • 

" if"a ppl^u^a invj^siof^ Excitation of 

t^tier'acit^ ' "^K^" '^Pp^ftaJiec^^ 'eihissli^fv' ■'bt' a jihoton 

frpm'"a^^ 

iip' trWn^ lower energy state cart std;rtuiate the 

■^ml-^sxpn o§'pkoi?pr^^ from 
othkr exciteci atbins, xnBlec'uies or iohs. A's; -^' consequence, 
' tiie initial pKo'tbn c^ F^hBtons between 

th4 ref ieilt^^^ the' olpticaf cayat^^^ are of 

; tKl ^ii^i^dWr d6HytiBi€e^--=S fiii^ oim^^^ Apportion 
of this cascade of photons iW ■thW'(Sii'cJvar^W''6ut of the 
30 op%icai ckvity , fW'Mkamplii, by ^fer4WiW£&iioh through one 
or more of the reflecting surfaces of the cavity. These 
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di^cfearged |^^otons cmst ^t^Wt^ tfef l^§er output . 

accbmpiishedi bjli variety^ methods. However, the most 
cornhon methods aj-e pp|i^al pumping, use of an electrxcal 
5 discharge, and the p^issage of an electric current through 
the p-n junction of ^^<;f?>p4iap1^<?S^ ^ 
. .. SBiUomm^. l^m.. contain, a, P-n junction which 

medixim of the laser. Svich devices, whi% are^lso 
10 ref e^^ t^m m A^f^^ ^m^^^ constructed 

from materials sjuc^. as gal Uum. arsenide and aluminum 
..gallim arser.4<5e .^^c^y^,. m^'^mM:^ fW- l^s.rs in 

converting electrical powei: to output radiation 

. hays result^ .<F9ffl ,th^ J*brl9S*l^" °^ «^-<=?llff 

»,n4.«P to for. a P,lura.Uty he.e.o unct.pt, interfaces . 
A fthin, fil- Of n«ro„ !,and gap material,, Ga^s, xs 

,.^^,M.gft,,^,ta.f«s.««te|,|.wi mHk. m^f^^^ 

,amanM.-weU. m 




m 



otl>er two directions., 

(^a?it:umT>.el]^ lasers geneirally exhibil: lo^^er threshold 
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than bulk crystal heterostructuries. Devices are usually 
■ Jsfpef nif ''mtllslpi^^ when the 

'Bar#il :Ml;ii|ilif bi^^ so 

■ - - ^tliirii%5-^'tp.«^^ supe^glattice 

' ■■ •■ tliilrtl^^ ||rif thereof . 

i6'- -^at|fi|i^^ iW-t^i^^'iafi^ ^^ Wtm mm^^^^m^ the alloy ■ 

■■^^^g|ft'9kft'-V2t^-W1fb6itf mm0iikur&''ir^ ^ as' 

■ '^^'Mil 'ii^&l7^'l^ ^sr^k^'m^^k^:-'^^ -^-^^yiy'r^ The first 
'"^ '^ri|^ipili#iMi%ii while the 

^ie Wil^it>iiiif ■ ' f -kbl^icaii^ofir ^bf'' f i^i^iaftS#e 1 1 s 

Seg>tejnBer 1991, numerous advantages accrue to operation of 

y6 to s%Cit^ry"dic^<ie l^sfeF" opferati^b^^^^^ cavity- 
' donti:§%ii^ii''^^^ ''■a''"cfipBe'' lais.ef with 

^Fiposil" a^nti^^'j^ fifrst^'ahta- second 

''''' ■' if&^|i"1il*'m^Sti^ bMkt'i/i&eh'-iM^'^ of "te^'^^stSelf'- lenses and 

■: %nr.i.y||^|gyn||^\jj^^ p/n 

■I.J-.." -^juWertf^^ff c5f-'^%fe^^^^ $#Cfac#^'^;¥5^WA?a a pa.ane 

^^S(iiB|'-i|&^|'^iai^ Qh^ of «ie 

• .---^^^if^i^^^'^^^^als^^il^^^^ first facet 

a 'l^^'c^iii^J^'l:^^^^^ such as 
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B^il«0t^»|^.«^|4l«iar^wi^#kS ^^il^r^B^ re-imaged 

■t^i§igt-i^?€!^liimafcf<l'-^^ni^^^ ^ 
dielectric coated, partially reflecting pl§ni mirror. 

.,>ge^M4#TO#ni.fe^%tblWt^:?P?,m^^^^ wavelength 



freguehcy wi-tni^.the bandwidth of, th? diod^, laser to feed 
,, b#Qk-,©hfrgy lfck.,tM <a4o<|e,last|: ||,^,^tt|i.f fleeted 
IP frequency. ^This is in contrast to single dipde laser 
... operation which if amenable tp reversible frequency 

qoatroi only, by externally ii>duped vari^tipn of band gap 
' energy and refraction, , index (through p^ang^p in 

temperature or pressure for example) Pr ; b2f;,y^f iati^n of 

15 injection current . 

Stable, single-mode ^L^^m^,^ o^atio7}^^^^^?^n external 

. . . , . g^vity ; necess i tates, a high . degree, of therma 1 and 
. miqh^hi^a^.l \s|:ability;' in' ^ the lens 

which cp,Uin»ates tl»e. Is^^r . T^^^i:m,§^f?§,M^,^'^^od& laser 
20 pntp the.diffractipn.graUng must >^,f P^^r^tely aligned 
Vith the faqet tp avpid mod^ ins1:a„biliti^s,^ The linear 
.,....„ aM,gnW!Bn% $?^i^J5i|M.o% •t'e<^^3.|r|»iR??>k^ XA iiV;^^?.- Sf^^^ °* 

^5 . #ecesAi*y.L t:hepeiQV^,.J^J^J>d'm^ P^?^^f presently 

s6,|,ct to tfte. c?Qpsuin^r. . . . . .. 

., , T^ie spectiral- ^range of t^^ie diffraction grating is in 
".......*l|ie"ord^|: of 400,,nm, wh^rea? the spectral range of most 

30 dipd# aa^ers is only about 50 nm- Theref pre, when output 
w^V^^length?: are ,?:egviired: h^yQM.^thm....^mm of, a given 



fcj. fiilbjiii ,m annrooriate s mg le 
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■-^•■^^f^hasf aiT^^^#«^1S«^ diode 

■ • SpBrkBirvi 'a%^Me"'€e:sii?ei^ :^wa<v^'eifehg1£fe^^^ra'ng,e-- Vts^iavoid the 
■ ■ ■■ ^'If-bf^^ifi'ttlii^ifiB^d/'^^Sdi^^ v;; v.; 6- d 

5 .In -^tf a^-eia >a^^lt- ««pf -Jfijaaifeio-nr ?9.2:/ /: . vii led 9 / 9/ 9.2 , 

■'■■diod#^Cfs.^f^%ii;8lidV^^^ ^^-^ provided 

■ ■ ^M-^'^f ^•<&*1^iw^& iiSHiii^i:- *Ki§iJi-^ste'slenS^ -CQllimates 

li#t%iif^'^-a''MiSlhcf iMm!&h% 'dispo3Md^ -St':^^^ of an 

10 iiH:ifn,|f 'Bavitf ¥ii:---f f-atiis aj*ie aftsifft:abi'^ into dn 

eiH:^fiai^-6aVi€f '■*ESusirig'-^ frame 
' ■''^siembi^" -is inli^rchang^able with another ; except that each 
"dioai- iasfer-withitt a git^ren- fi;ame Ssse^ is prealigned 

■ ' •■is- Wa^^ef efigtH- ^' r angfe- 'q#v ' - f of ^ ^ ^SSailnptife , 4 0^50 hm wi.fehih the 

broad spe«5 tr a 1 r ahg4 6 f ' the tuni ng element i Each frame 
' isalffibly ■ aBhsisfei-' of a- diode • laser supp.ortedi-tietween a 

f irst and second lens." Thie' Si?^^ a^ssembiy^ ciansists of a 
rigid walled member which extends from a planar support. 
20 Oppc^sed. side#®i^-^ie-^mpSife^^ opening 
'^'■^wl'tlel^'-aM^fe sufjpci?* plane. 

•"■'fK^'l^riti^^-^ar^-%<mil^ diode 

•■ « -o --^vi^i|^^.ij.irf:^:^if^x^jj^^^ back on the 

■•' •f • ;^ i-;H^4>fet#in'#nneS^^^^^^^ "t^® tuning 

element may be ek^plM4%-dK iii: a>ri3ui2ck,? ~5i"l?^i'e^a^^^ reliable 

3o^'- mainner--%y' feub&ti^ diQd:#? lasers covering 

portions of the range. in •a^l*erM^aHte embodi-roents ,< of the 
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- ^elat^ed. .applip^ft.i#v^*?^i: ^^^^^ ,4as^s,,are provided 

plurality of vf^e^^« ^a«gei,,#o .fee.^^icJO^ accurately 
■& ■gel.ect©a^^withinc;a:;-$i»g!t4-say4;^s.iiif^ 

•...^)?^pal%r*he.Wn a holder 

• ' ■-..-fey.^ist^^S&i' ■ ^ife^^s*^ directions 
f rom .a ?ba<3k iplatt by mms sE??init which allows the 
grating to bQ. tiited.afec.iit a,^,:tB3yerse,,axig by rotation 
10 of the.sefe S^r#w& whiGh b^ar upon a bea^ir^g pad. 

in accordance with , thiapi^e^eit inve broad 
^ wavelengthc tuning is^achieygd^i^ t^^nabl^ pxternal cavity 
.^.••^laserv.syste*:^by«^ ^^^"^ emitting 

. quantuih wieil semiconductpr laser chips, a^apte^ for 
15 moveinehtv ii^ alignment between a.<?o|#??^|,,f^|^i^al pump 

source «and^ ap tuning., element , Am ap. . #>£*;irnal,cay ity . The 
^ pumr source may. coinpf iB6«aT^,elj^t^A<:^l 

electrieai4y pumpingia di^^e; l^seiT ^r;^, diode laser array. 



r..^^^, r^i r^r. »€..tti^. nrawif>q% . 

external cavi^j^^perated^vl^ser^ sy^teitv, o the invention. 

.... .t^.^,^mmmm^^m^^^m,m^ of a single QW 

25 F±g:. 3- is a .chf^atia sectional yi.V. of . an alternate 

s^ttbbdimertt of:, the: invention. , •■ ' 

-^'^FI^V^ ^ i:si.:«-.fecheift^te 4iiaw.iB0t.-ef^ an 
-embc^iiiifeht ofi-ith© iaiveritiQ^ " - 

- Figv 5 is; a schemat^Q drawing yet. anj^ther 
30 alternate embodiment.: 
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;•: EAg:ii:.-6^$9i:-M..^^^Tit yL%M of ,-#n.;.alte^^^ of 
• a ..f riaimm'aissi&i^^ feljj§v4p,%enti©n.-,...,,..^ 

Detailed . DescriDtion of the D ravinas , , . 

5. pMmiPiiiMmr im^ mm^^m detail 

seMeSndiJGftor- lasetjJ^sysl^nj,: is.;: sfeoMRs in: Fig . , 1 to comprise, 
i.f 3M- t&iierai- an optiaal--.^ pmp: B.QUfie6.tm.. covipMd:- .via--, f iber 
r^llO- optltJS 3d to a cbnrv^eti3ri;? 3 3 ii©uM-m.^2^^ 12 

focuses circularly:; gyininefetip pujnping. .light,; from fiber 
opi^e M /pnto; %^fcQn^^ a plurality of 

se«it:©rSiai?^ •dhips,./p.igv,.wh^.. .chifps . are mounted 

■ onv: 'a vt^tl'cai^iy^^rah^iata^ ::s iiii^- Ja?amfe;. 14 disposed 

15 with in hpiis ing 2'4 . -The pumping 1 ight causes .st iinula ted 
'■■^ emiissibn :bf coherent laser light; tQ:-.QCcMS;,w a gain or 

active region of the, QW chip dfef ine^ by. ther^^^-ijaineter of 
the pump light. Lasfer light f rojof .Jfehf. reaar facet 22(b) 
• -(Fig.: 2) is collected: by; i-^s^ m,mdf0mmmm m. lens 18 
26 cmi^m tuning ;;eleinim^,-^'f U^ih ,2|J.i|Nk^<i)tably . 

^ -ttSxi1fi^^^»ifn--»ttog>i25^^ by 
the grating 20 is .-^(Misecti^- ^Y'ril^^A^tMmrMm 16 back 

;>riTiira(5alN^y Surii<5is;,shl*iiddfe©#^^ 
iriciuddng ifehe-su^fax!^ the qul^Rtuin-w^ is 
disposed within the optical resonator. lJ,qte,..,also. that. 
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uniikfe ^Gliv^riti^n^i mm e»mi«i^^ iiode; lasers, a quantum- 
well structure rs>^r^^fi»f^ ep«3at^aeH/4ce, ^iri that, the 
light emerges perpendicular to the qvlsirttum well layer 
surfaces. ' ■■ .>.■■ •:•'• ■■• 

ciBii€^ii%aW^'vii:yliit tfii.^tW«^t-gfr^%*i?f^^?0.t^ select an 

appropriate sin#l# trmmmy'^^^-'^^'^^^^'^ 

■ i^^^l^- cM^^m m^mi^mm^^mmr-^^ci). the QW laser 
chip 22 ^t th^v^l^bt^-€ requehcir . Note that other tunxng 

10 ■ el^tt^^s' stifeh^^^^ tilted etaabns> electro^optically (E/O) 
tiriied dbuJil.^ gtitlohsV ntechMiic^l or. E/O tuned:^YOT filters 
may^ bi^- stitestltutea frSMf-thei^ dif:»raGtioB grating 20. 

Details of the QW chips are Shbwn in fiig:«; 2. A QW 
chip 22 is comprised of a plurality of ultrafchin 

1^ alteirhMting h^erBstSmctur^^ lesS:. than about 

ten hahbm^ter^ ifi tha^ckness. ^ypl^call^^ t^J^; qPantA^P wells 
are coin|)r Ised oli^aatei?rjate Hiye^t^ ofe^iCaAs: apd.^lxGa,.^s 

' - ' ^-'fx^iTned"^ m iii^ifeciultarrb^&ift^'vepita^ : 

wm mmmr a;as^ 22- -inay: GOtoprise^ layers of 

2Q Ga^^^¥<ito^^^^3Jfs ^tW^IlI-V 

■ ■:ei;emmi'^«n#i|3.,0^ ^*it.-Si5 ^ also 

■ 25-^ arfaV of "i'^s^r-diod^^ 28 -which are .electrically pumped by 
' eiedtricai^ power' supply- 26 v- - • . ■ 
* • -Ftaii^ U ±lso serves as "a" Meat- sink- for dissipating 

^8<m^Um- m-ig^^im or (5thii?^^suitabl^^«eMt-^ conductive 
30*"' ifieciimK. 
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s-emlq6nil#ti'o't ' ■ i.a:§.6fe. ■ Issi^ usual l^y-j MmM'^ %«i#a,feastr oph i c 
diefraMati6h«6#? this s^^^ oi:'^!Si'semx<^^M<^i^^^<^ f usually 

in the range of 10* w/cm'. In the presentr; isyeption a 
5* l^rge^ iarfea- 6^ ptiitij^ed; whereas f^picr a iaser diode only 

hi^!ilt^^S^€l^-l.¥H'^-^tP*i^as tiines «6iiitAiMira 
ccJifs^ntifoniff ■■^iciae-^ lOasI^^ FurthermbS^SI ttt;ii-4.Srger pump 
• •lb ar¥k Miins' tMt ^ligMMsgftfe- bf the^ e^^^^ beam is 

not as critical as fdr slh edW eflil^t^Wihg': a 
■ fh'%Hfe a^^rnktfe^- isniitebaiife like parts 

'"t^tilBl, th^ ^SMfe'^ nukber' with' a "jpriime suf-Mx. In Fig. 3 the 
■ systitf "■i#''ibH^^ iSfflfasl, ■■pirfeyilSuslL^f^^^ that 
15-' ' lint^ i:S''1tiis' been rSjpl^ced by 'k- ■d^:ichr6iic- ihirr^r? 3 2 'Which 

ref lects' 1 iigrht , ' ' f r om piiinp source -10' arid*"b6l;M;itiated by lens 
30(3, britb f rdht facets of QW chips 22 Each chip 22' as 
in Fig . I may Be fabricated to cbver A diif f erent frequency 
spfectrum' irithih tli^t-bVeriali rahg# of tuhing fei-ement 20'. 
2 0 ' ' k^'^iri Fig. the; ■•optics' ar# ^ip-fc'^-d5;ai ibrati^d;, aligned , 

"■' ' irid ^^iii^d'--^^ frame isv^moW^-^tfe respect to 

the optics in ord^^^^ to bring different QW chips 22 into 

focus. " ' 

■•■ ■•? -sti0wti ~- in ^ Fig ^ -2 , . -the'^^utput -'^^MiH^^irom mirror 3 2 
■ 25' ' miy. '|^*iusii£ ^ov a 

■"^'•■■••'l:h%|f6.cf rotifer f@f lm$y-*Bg---ut€d«'^t©«>e --sggvo- 
'licl4^l;6ail''*t#ii$stSt-«f«^ f 6r ■W^pajFtte - o-r -^'cSo&Irdinate 
30 movement of frame 22' and tuning elemi^rit 20' < • 
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Aitetohatively, as^hojp. m: Fi<3, e.t^ frame assembly 
1*L4 may-bfe mt^antea. foi? Gir^^ housing 
sucW ttoa%^ ^a6h ts^ij^ 122 align^t with the 

pump : beia^ 

S . i^r^ high power opetea^^»B, an: optically 

■elem^nfc. semi^PR<lM^tPr.4if P^^^ be,^f e<|,t.o amplify 

• ■■^..<m^:-m^Mi^^^^m.^^mm m u.s. 

Pat^ht^Hd. 5^.431,^02. . #he.,c?hips can h^ve , more 
quantum wells* For. longi$;utof^^ Pimping, the^ ^^^^ 
10 iayermv are formed orthogpn^l to the directipn of the 
external cavity lager beam . 

As shown schemat*?=^lly iTi Fig. 4- thej quantum well 

chips zmA^ may bs *i?ansyers^|y« mm<^.^¥ P^"*? ^^^"^ 

15 this embodiment. theHQW. lay^is 22^. exfeend par^aiel to the 
laser beam. between a dishrqic ^outRH^ cqup^^r ikayer 21 and 
an a«ti-re#lective (ARl qo^ting 1^^.,; T?>e chip is 
mounted on an optically I^P^W^hl: . heat ^A^K 14 " , formed 
for example of.a body ,Qf.v^Sipp?xAs^.f?<?^t^?^/^R^^ ^^^^^ 

20 with AR material. . 'm mmm mm^^^^^' ^^^^ ^ ^ ' 

c#t*c^. en^rgj^ trom^tuiiihg el^m^t^ 20^' via lei^ses 16" 
and 18 " . 

. |«uati^l«.^ips.rmay be^u^^e^.^ .B^r^qlB heat sink 

either a 14,1^^4$ i.or. circular yay. , This h^s the 

. vthat •;fche.mode-.s424.;in.^th4.^ain ^mMm^MM^ ^^^""^^^^^^^ 
sytoetric and , the aiigwnt .tb^ e^^eir^^al ,c^ity is more 

30 difficult* , 

The Fig. 5 embodiment is similar to the Fig. 4 
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Embodiment- fexc is mounted on 

^ttte^•^b1tfteE!ufe■■^'■feea^ 'S|^§i«Jfi ^aii|i}-v^?«fe^' pumpi beam is 

focused on the rear side of thfe QW la^^ formed 
between a rear AR film 25 and a front dichroic mirror 
5 surface 27 • 

" ^ ' . ■ ^llumiirW^'' ^ acbrt^'fl"^^^ oi the 

• "NB/^4<?i^ "inputs' are ^ the chips and 

nb mfetatlrzation ^ contacts. 

10 • All poWi^r is siippli^^ a single ptirop diode laser or 

array powered by a master power supply. 

No pW jiinctioTis heed to be formed in the QW wafer and 
' th^ref bSi^C less^ freS" <^ dopant- 

absorption Qcqurs. 

15 • Generally only two pi- thrW^ piiiiyp Wavelengths will be 
r^lfui^ effeq^xy^ t^he wavelengths 

between 67 0 nm and beyond 17 66 rim and diode lasers 

4^r5^'"'jg3^#i^^ ' ayaa;l:^b|e;^^ a;t^ 
wave-lengths l^^^s nm. 

2 0 • '.'fh% feutnb: didde las^^ or laser arrky and its heat load 
/ ip^-viii^^ Row^r 
stippi#^and5c6\^ the QW laser 

thus jmihimiziing heat dissipation 



• Circularly symmetric TEM^ beam output may be 
25 obtained, when the chip, is Ibngitudihally pumped 
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Aii Qw chip& ^itfe-^ 

Monrmd mm. ^ifeeittetfe :simfcvSndvB!Sycuse:a common 

Mode diameter (on the order of vXl/ where l=cavity 
leSgthr' in the QW chip of uji td ^J^ ^^^^ microns 
ig possibly which inf ans that a conveption|l mode 
design maF be: etnploy^d for g^^^ improved stability 
over that for an external cavity using a conventional 
10 ^;!,ect?:,ically pmP0 *^f#*, ^^?®5* - 

cavity alignment is siib^tStially iSensitive to 
motions miah^^a%e^.^KMm^'^mm '^^^ PosH^xon 
in the' cavity because the chip is larger than the 
bia^ width'and the abtive arfea of the chip pumped by 

15 the pump beam is muc;h"ia#ger (lU. about 300 microns 

in diameter) than th^t used in a conventional edge 
emittihg dioHe yhipK W a ^^n region of only about 
" 3' microns width and 700, micron length. This means 
that 'W.^ housing m.ay be of less rigid construction 

20 thereby redv^qing the ^acka^in^ costs. 

If the QW laser is longitudinally pumped, the shorter 
length of gain region in the longitudinally puinped 
• device means less theVmai inaVx distortion thiH for a 
^ ; conventional ^rc^de laser. Also, t:he thermal gradient 

25 is radially symmetric. 

. Mode-lobked or pu]:sid obtained by 

directly modulating the pump diode laser or array. 
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Equivalents ' ' " ■ 

Those skilled in the art will recognize, or be able 
to ascertain, usin<^* lio Sore^ Experimentation, 
many equivalents to specif icemfesaiments of the invention 
deidxib^ji 'l^ei^^ 

^ ^fK^e %ria ^tflI-6^ eqiiivllents are intended to be 
^hcbmplssiid by the following cliaiins. 
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15 



4. 
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A i^se^-- systi-em ^colpif isijrig :.. 

b) a frame formed of a tl^ermally gonductive member 
. ^^-^mm^ |tR;#ov^meT,t.^iW^, said ^---^^^ 

d) a plurality of quantum well structures adapted 
to be optically pumped by said beam and mounted 
on said member for alignment with said beam. 

The system of Claim 1 wherein the frame is 
rotationally moveable such that selet:ted structures 
are moved into the path of said beam. 

The system of Claim 1 wherein the frame is linearly 
moveable such that selected structures are moved xnto 
the path of said beam. 

The system of Claim 1 wherein the quantum well 
structure is formed of alternate layers of III-V 
materials or alloys thereof. 

The system of Claim 4 wherein the III-V material 
cpmp#is^s material from the group comprising Al, Ga 
or As . 

The system of Claim 1 wherein the quantum well 
structures are adapted to be selectively disposed 
between said beam and a tuning element. 
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7i- A system f 5r >6p;lSiGaily well 
structures CQmpri^sin^;:: ; s'-- • -' ■ ' 

ai) guSi*t^tf-*#iti4 ^isrd'difeures Vm^ a frame 

. eisseSifei^ fog inseirti ion into an external cavity 
5 housing; 

W a plimp^^toiarG^ pumping said quantum 

6) 6pM:ts it€§- G8<kpt3;ng lip%^1Erom said source to 

seiiBtid' itr^c6uri^' tS irb^ stimulated light 

■ dT a £ttMn^- ilimeBt aispoii^ \*ithih said housing 

f6i: r4fei^ini" from said selected 

strt^tuifSi mr-^m^mm''^W''^r&m^ncy of said 
lights eimi6rr*i^:'«^^^ single 
15 friijiilriey'ligiit MlhflHiife frequency rari^e of 

iihe^^ifeiictSd'^striietuSfel ~- 

ii The gystem- of Cl4im 7 wherein thS tui^ing Element is a 
diffraction grating. 

9. The system of Claim 7 wherein a lens is provided in 
f ^eer 5f •^th^^^^uantum-w#il^^ laserM'-'-- ' 

10. The system of Glaiin 7 wherein the frain^ assembly is 

11. The system of Claim 7 wherein the frame assembly is 
25 linearly translatable past the light. 
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An externafcca^vi^y .sys%^it..##r .a^ well laser 

structures , comprisiii»g|V.!/...: --^ r./^- ■ 

a . plurality Qi quantum laser structures 

H^ouhted oi» a^fraxn^ a.^einfely for insertion xnto a 
housing; . 

quaii^a;^eii..l^ier.sirus^ with a pump beam; 

^) B^aSs ; f 6r.pt^» the f ram,, assembly with respect 
to the pump, beam to eaute selected quantum well 
laser.^ structures to be. pumped by said beam; and 

d) a tui4a,»g. element disposed in the housing for 
refafe*^ting.,las^r light emitted from saxd 
s^le^ed guahtwm well, If^fr structure back upon 
a facet thereof from said tuning element thereby 
causing th# selected quantum well laser to emit 
substantially siI)gA^ freg^ency light. 

The system of .qlaiirj 12 in structure is 

formed of layers of q»^Bt;ui?..Wf^^^^^^^ 

pumped in a direction oirthogonal to the layers. 

..Thrsystem^^of'ka^te^ i^-M- mm.m.^^^^^'^^- 

formed^of quaT^tum.l?eU J^ayers^^nd. is transversely 
pumped in a direction parallel to the layers. 



15. 



The sykem oy;-. Claim 12 wherein -.t:he .quantum well laser 
is forined of III^V material. 
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16; An.^ external c^imty :Sy;stejn for a quantuin welL laser 

a) a plurality of quantuin we.ll..s.tr^ affixed 
to a frame mounted. in a housing; 
5 b) : a pump/csouirce f . generafei^^ pump beam capable 

bfv^siimulating H^hfc eim|s§,loii. Crom a first facet 
■ of said -cjuanSluin-^^ ^feguc^tet^^ 
c) s^anMng^ meanis-^or caius^i*^ relative movement 
between said pump beam-aild said quantum well 
Irb stinfctviresi to^ selectiveiy> direct said beam upon 

a re:s:^i^ctive :.s facet opposite said first 

^ facet ^of^ sisidd:^guantuim structures; and 

- d) an^ exMi^nS^^ in which a tuning element is 

dis|*©s^d<'ad;jv* well structure 

IS am ll^h^irein li^ht emitted -from t^^ first facet 

6f ^reispectivi^ quantum well structure is 
dispersed ^^by« said ^^ t^ and the * 

dii^F)ersed^ light- is refleicted back upon said 
f irst facet; ' thereby causing the quantum well 
20 laser to emit substantially single frequency 

light -within ^^^t^ of . the 

dispersed^ light vfr^ gratiijg. 

17. The system of Claim 16 wherein ^ the, ^ well 
structure is formed of layers of III-V material. 

2-5^--^^48.; Tii6^-&^S*?iim Qfe^Laim-sL-F iri^S^hiiEaif|j|^ well 
struc^feu^eV: is^piampSda^n a . direction ; traverse^' the 
layers. 
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^ n-iriA-m ^& tti which the quaiifctim well 
structure is pumped i-n: a ^i^ecxxoti ** 



Xtaethoa ^-Selectively gene^^ting single frequency 
^mmm wa^^ ^'^^'^^ frequency spectruxa 

a)- ifii^a^g * series o^^ c^^^^feum we^l chips to a 

mounting the frame in the interior of an 
e^&mmeil cavity housing; 

oiifei^ally P^xmping a. selected chip with a pump 
feeaSft to ^timulate^EW<^ Ught emission from a 
f -iTsl- A f Scet ■ ^t^erepf / i ^ 

^,^|^er.ing^^^ light ..^is^ion and feeding bac)c a 
po.rtit>n of the d^sp^rs^d Ught at said single 
. . f^equen^y to saidrfirsn i^cet whereby TEMoo 

li^htat^thersingle S^eguency is emitted from a 
second facet of said selected chip. 

W *«^Vihrthe.fr^m^^v.ith.^es^^ to the pump beam 
such tha! the selected chip is brought into alignment 



b) 
c) 

d) 



25 



22. The m^hP^ of Claim 20 wheteih Pptipal pumping is 

Kv-.--^su#i^*^^^e iiber^^^^tic #3ii#|i0d:.ftP a 
elSctrrcaiiy-' pumpea-. laser diode. - 
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23. The metftoci od?4 the puitip beam is 

24. The method^^^ o^^^^^^^^^^ wherein a dispersive grating 
is used to disperse the light. 
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